INTRODUCTION
Eucalyptus trees are the most widely planted hardwood trees in the world, representing one of the main sources of biomass (TEULIERES & MARQUE, 2007) . Native to the Australian continent, these species are widely diffused in the whole Mediterranean region not only as ornamental but also as timber trees. According to the Regional Forest Agency of the Sicily administrative region (South Italy), eucalyptus trees cover about 35,000 ha in this island (SAPORITO, 2006) .
Despite continuous efforts to limit the accidental introduction of exotic plant and animal pests, a few alien insects feeding on Eucalyptus have been detected in Sicily so far. Although for most of them the mode of introduction has not been established, from the analysis of the different temporal and spatial patterns it is possible to assume that their occurrence is mainly linked with the increased trade of these plant species. In detail, eight species of insect pests have been recorded to infest eucalyptus trees in Sicily since mid of the 70's (Tab. 1); three of them belong to the order Hemiptera, three to the order Coleoptera and two are Hymenoptera. Some notes about their presence in Sicily are reported herein, pointing out their impact on the host plant. 1 Original scientific contribution presented and discussed at the National Symposium on "Health status of Eucalyptus plantations in Italy", Oristano (Centro Congressi Hotel Anfora, Tramatza) -Italy, March 24-25, 2017. HEMIPTERA Among insects, the order Hemiptera account for many of the economically significant eucalyptus pests, damaging plants by feeding on phloem sap. Psyllids and true bugs are worth to be mentioned here within this insect group.
FAMILY APHALARIDAE
Plants of the genus Eucalyptus L'Hér. are known to host more than 250 species of Psylloidea worldwide, of which the greatest part in the family Aphalaridae and a few remaining ones in the Triozidae and Psyllidae (OUVRARD, 2017) . Almost all of these species are native to Australia; some of them have been following the artificial diffusion of their host plants over the last decades and have been consequently spread all over the world, occasionally becoming invasive pests in Eucalyptus production areas of many continents (BURCKHARDT et al., 1999) .
In Italy, five species of psyllids have been recorded till now on Eucalyptus, all of them belonging to the family Aphalaridae. The first report dates back to about 35 years ago and concerns Ctenarytaina eucalypti (Maskell) (CAVALCASELLE, 1982) , which remained for almost 20 years the only species known to feed on Eucalyptus spp. in Italy. Recently, over the last fifteen years, four other species have been reported almost at the average rate of one every four years: Ctenarytaina spatulata Taylor (COSTANZI et al., 2003) , Blastopsylla occidentalis Taylor (LAUDONIA, 2006) , Ctenarytaina peregrina Hodkinson (MIFSUD et al., 2010 , who report unpublished data by REDIA, Vol. 101, 2018 Cocquempot & Costanzi) and Glycaspis brimblecombei Moore (LAUDONIA & GARONNA, 2010) .
Apart from its native areas in Australia, the "blue gum psyllid", C. eucalypti, occurs also in New Zealand, North and South America, Papua New Guinea, South Africa, Sri Lanka and is widely diffused in Europe (CONCI et al., 1996; BURCKHARDT, 1998; RAPISARDA, 1998; HOLLIS, 2004; DE QUEIROZ SANTANA & BURCKHARDT, 2007; MIFSUD et al., 2010; BURCKHARDT & QUEIROZ, 2012; OUVRARD et al., 2015) . Among the Eucalyptus-feeding psyllids, it is the one known for the longest time as pest outside its native regions. It is efficiently controlled by the parasitoid Psyllaephagus pilosus Noyes (Hymenoptera: Encyrtidae), which is successfully used in biocontrol programs of the psyllid (HODKINSON, 1999; CHAUZAT et al., 2002) .
An almost similar but rather limited geographical distribution is shown by C. spatulata, which is recorded from New Zealand, North and South America, Europe, in addition to its native areas of Australia (BRENNAN et al., 1999; COSTANZI et al., 2003; HOLLIS, 2004; VALENTE et al., 2004; DE QUEIROZ SANTANA & BURCKHARDT, 2007; BOUVET & BURCKHARDT, 2008; MIFSUD et al., 2010; O'CONNOR & MALUMPHY, 2011; BURCKHARDT & QUEIROZ, 2012; GREENSLADE, 2016) . In Italy, no records of this species are available till now out from the North-Western region Liguria, thus confirming its limited dissemination capacity and the rather secondary pest role that this species plays on Eucalyptus plantations throughout its distribution area. Unlike the previous two species, the eucalypt shoot psyllid B. occidentalis is recorded also from Africa, Middle East, Hawaii Islands and China (HOLLIS, 2004; AYTAR, 2007; DE QUEIROZ SANTANA & BURCKHARDT, 2007; DZOKOU et al., 2009; SPODEK et al., 2015) , apart from Australia, New Zealand, America, and Europe (HALBERT et al., 2001; BOUVET et al., 2005; PÉREZ-OTERO et al., 2011; MARTINEZ et al., 2014; OUVRARD, 2017) . Such as all other species of the genus Blastopsylla Taylor, this psyllid feed on young leaves and growing tips of the host plants, producing a copious amount of flocculent wax that allows the insect presence to be easily detected on infested trees. C. peregrina, known till now to live only on Eucalyptus parvula L.A.S. Johnson & K.D. Hill, has been reported only from Great Britain and Ireland, where it has been described by HODKINSON (2007) , and also (though almost informally and with no geographical specification) from France and Italy (MIFSUD et al., 2010) ; compared to the previous species, it seems to be still poorly known and in need of further investigation aimed at better understanding its geographical origin and distribution.
The last arrived, the red gum lerp psyllid G. brimblecombei, is the only Eucalyptus-feeding species presently occurring in Italy whose nymphs form the so called "lerp", a sort of characteristic shield-like conical white waxy covering, probably used by the nymphs for protection against natural enemies. It has a wide diffusion in many continents: Australia, Madagascar, Mauritius, North and South America, South Africa (OUVRARD, 2017). In Europe, it first appeared in the Iberian Peninsula about ten years ago (HURTADO & REINA, 2008; VALENTE & HODKINSON, 2009 ) and very rapidly (and almost contemporaneously) it has been recorded during the following years in Italy (LAUDONIA & GARONNA, 2010) and in other countries of the Mediterranean Basin (BELLA, 2013; BELLA & RAPISARDA, 2013; MALUMPHY et al., 2013; REGUIA & PERIS-FELIPO, 2013; BELLA, 2014; BEN ATTIA & RAPISARDA, 2014; DHAHRI et al., 2014) . The first findings of this species in Sicily and the circum-Sicilian islands date back to spring 2011 (LO VERDE et al., 2011) . A fast mapping of the psyllid's rapid spread in this territory has been easily allowed by the visibility of its infestations, due to the presence of the mentioned white lerps. These follicles gave the possibility to ascertain how in a few months, and already in the summer of 2011, the psyllid was widely present in all Sicilian provinces, allowing also to hypothesize an important role played by the passive component in its dissemination.
FAMILY THAUMASTOCORIDAE
Another exotic sap-sucking insect pest feeding on eucalyptus leaves was recently intercepted in Sicily, namely Thaumastocoris peregrinus (Carpintero & Dellapé) (Hemiptera: Thaumastocoridae). This species, native to Australia like its host plant, quickly invaded new areas in about ten years (NOACK & ROSE, 2007; NOACK et al., 2009) and it is by now considered a serious pest in Australia, South Africa, South America and New Zealand (JACOBS & WILCKEN et al., 2010; GILIOMEE, 2011; IDE et al., 2011; SOLIMAN et al., 2012; SOPOW et al., 2012) . In late 2011, it was recorded for the first time in Europe (LAUDONIA & SASSO, 2012) infesting several species of Eucalyptus in Italy (Latium region); later on, it was reported also from Portugal (GARCIA et al., 2013) and, in winter 2014, from Sicily (SUMA et al., 2014) . The leaf damage is due to the bug feeding, that induces silvering chlorosis followed by the bronzing and drying of leaves. Severe infestations lead to leaves drop and severe canopy thinning, up to the branch dieback. Since its discovery in Sicily and in order to estimate its diffusion in the region, an accurate monitoring activity has been carried out. Currently, its presence is well documented in three main areas of this region: two in the East, in an urban area of the town of Catania and in the coastal zone of the Messina province, and one in the West side of the island, in a suburban area of the town of Palermo. Contrariwise, it has not been detected in the inland till now. In each prospected site, and as an "active collecting method" (sensu GROOTAERT et al., 2010) , an average of 10 E. camaldulensis trees were sampled from March 2014 to April 2015, collecting 10 twigs/tree, approximately 40 cm in length, that were subsequently examined in the lab under the microscope. From late June until January, all the bug instars were simultaneously present along the twigs and especially on the leaves from the previous years (i.e. not in the younger ones); mature copulating adults were often observed. During our survey, the infestation by the bronze bug was often recorded in association with that one by the red gum lerp psyllid G. brimblecombei (Fig. I) . Clusters of black egg capsules of the bronze bug are often laid in the proximity of the leaf depressions (e.g. those associated with the infestations by the gall wasp Leptocybe invasa Fischer & La Salle) and singly, between the valves of E. camaldulensis fruits ( Figs II and III) . The infested trees showed only a slight discoloration of leaves caused by the feeding activity of T. peregrinus (Fig. IV) and, considering that the same plantations were regularly monitored from 2009 in the framework of the National Research Programme "GEIS-CA", it is highly assumable that the bug just arrived at that time. During the same prospecting period, yellow sticky traps (15x15 cm), as "passive collecting method", were also installed in the main infested areas at approximately 2.00 m height, in order to investigate the usefulness of this tool within a monitoring activity. Starting from late May, it was possible to detect adults of the bug stuck on the traps, whereas juvenile instars, although at a lesser quantity, were always detected starting from late June.
COLEOPTERA
Among this Insects order, both longhorn beetles and weevils (respectively living on wood and as defoliators) have been introduced in Sicily during recent years.
FAMILY CERAMBYCIDAE
The first alien insect species recorded on eucalyptus trees in Sicily is the wood-borer beetle Phoracantha semipunctata (Fabricius), a longhorn beetle whose spread was noticed in many Sicilian eucalyptus woods by the mid of the 70' (ROMANO & CARAPEZZA, 1975) . It was first introduced from Australia into South Africa in 1890s, in wooden railway sleepers, and in 1917 it colonized eucalyptus plantations in Argentina, from where it arrived later in Uruguay, Chile and Peru. Probably during the Second World War, it reached some Mediterranean countries (e.g. Israel, Lebanon, Egypt, Tunisia, etc.) and its first findings in Europe occurred in Sardinia (TASSI, 1969; PIRAS et al., 1970) . During the 80's it was reported from Portugal, Spain, South France and Corsica (CADAHIA, 1980; CADAHIA & RUPEREZ, 1980; OROUSSET, 1984) .
The congeneric species, P. recurva Newman, native to Australia and Papua -New Guinea (WANG, 1995) , was first recorded in Mediterranean Basin in a Spanish territory of the north-western Maghreb (i.e. Ceuta) (RUIZ & BARRANCO, 1998); in Italy, it was then reported in 2003 (SAMA & BOCCHINI, 2003) , even if the correct identification of specimens of P. recurva collected in Calabria and misidentified as P. semipunctata allowed to ascertain the occurrence of the species from 1992 (PALMERI & CAMPOLO, 2006). More recently, P. recurva was recorded also in Sardinia (CILLO et al., 2006) and Sicily (MAZZEO & SISCARO, 2007; ROMANO, 2007) .
Although the two Phoracantha Newman species share the same ecological niche and have an almost similar morphology, they can be differentiated based on the stains pattern on the elytrae (mostly cream to yellowish in P. recurva, with dark brown areas primarily limited to the rear third of the elytra, but dark brown in P. semipunctata, with a cream area in the middle), the chaetotaxy of antennal segments (which have dense setae in P. recurva adults but only a few or none in P. semipunctata), and the dense spines which occur on the front dorsal side of hind femora in P. recurva (WANG, 1995; PALMERI & CAMPOLO, 2006) . P. semipunctata larvae have temples with a broad ferruginous cuneiform band behind the base of antennae and a uniform setose area, with distinctly central setae at each median lobe, at the 10 th abdominal tergite; in P. recurva, the cuneiform band is absent and the 10 th abdominal tergite has only sparse hairs and a pair of long setae on the median lobe.
The biology of the two Phoracantha species is subtly different. In California, four years after its introduction, P. recurva has largely replaced P. semipunctata, increasing from 0.1% of the total Phoracanta spp. population in 1995 to 74% in 1997 (PAINE et al., 2000) . Adults of these species attack large stems and branches that are dying or have died recently; attacks may also occur on living Eucalyptus trees, especially when they are stressed by drought, or on freshly cut logs. The life cycle is annual but can also involve two partially overlapping generations. Adults emerge in early spring and after mating, females lay their egg under loose bark or in bark crevices or branch stubs (WANG, 1995; PAINE et al., 2000) . Eggs are laid in clusters of 10-40 each and hatch in 6 to 15 days, depending on the ambient temperature and the larvae bore through or under the bark and mine along the cambium of the attacked trees. At maturity, they construct a vertical pupal chamber into the heartwood and an exit hole that is plugged with frass. Adults live for up to 3 months, they are nocturnal and, during the day they hide under the bark. Yellowing of the crown, apical dieback, resination, debarking and production of oval emergence holes, which appear through the bark, are the main symptoms of the attack by the two longhorn beetles. The egg parasitoid Avetianella longoi Siscaro (Hymenoptera: Encyrtidae), native to Australia, is the most important parasitic wasp used to control the two species of Phoracantha, and this is up to now the sole natural enemy of these beetles recorded in Sicily. However, results obtained in California and South Africa, indicate that the parasitoid is less effective against P. recurva than P. semipunctata (PAINE et al., 2000; TRIBE 2003) .
FAMILY CURCULIONIDAE
The third coleopteran species recorded on eucalyptus trees in Sicily is the snout beetle Gonipterus scutellatus Gyllenhal. It is a species native to Australia, which feeds on a wide range of host trees, mainly belonging to the genus Eucalyptus, and the ornamental ones are considered to be most at risk (CADAHIA, 1986) . It is an important defoliator of eucalyptus in several parts of the world but, fortunately, biological control by using the egg parasitoid Anaphes nitens (Girault) (Hymenoptera: Mymaridae), claimed in France, Italy and Spain, had successfully reduced its attacks (CADAHIA, 1986) . Eggs of G. scutellatus are laid attached to the leaves, on both surfaces, in greyish capsules containing about 8-10 eggs each. The larvae, yellowishgreen with black marks, are more easily distinguished visually than the adults. The latter ones are grey-brown weevil, with a light, transverse band on each elytra, not readily discernible visually from G. gibberus Boisduval, though distinctive details of the genitalia can allow their discrimination (ROSADO- NETO & MARQUES, 1996) . Although this weevil does not seem to be a threat for the Sicilian eucalyptus trees, some infested individuals of E. globulus were recently recorded in the province of Catania, where defoliations probably caused by this insect have been visible since 2012 (MAZZA et al., 2015) . Signs of its presence on infested trees can be detected from May to September, when it is possible to observe the damaged leaves as well as the egg capsules and larvae of the insect. These last ones can only eat on the leaf surface, leaving characteristic tracks, while adults chew the leave edges giving them a ragged, scalloped appearance.
HYMENOPTERA FAMILY EULOPHIDAE
Two Eucalyptus gall wasps, Leptocybe invasa Fisher & La Salle and Ophelimus maskelli (Ashmead), are currently spread in several countries of the Mediterranean Basin and were detected on eucalypts in Sicily, about fifteen years ago (BELLA & LO VERDE, 2002) . They have been reported also from Africa, Asia and North America (MENDEL et al., 2017) , whereas L. invasa distribution includes also South America (COSTA et al., 2008; AQUINO et al., 2011) . Recently, molecular analyses suggested that L. invasa is a complex of two cryptic species (NUGNES et al., 2015) : the first one being recovered in the Mediterranean region and South America, the second from China (MENDEL et al., 2017) .
Ophelimus maskelli galls cause serious defoliation to E. camaldulensis both on adult trees and on young plantations, whose growth rate is negatively affected (MENDEL et al., 2004; PROTASOV et al., 2007) . Leptocybe invasa induces plurilocular galls on the stems, shoots, petioles and mid-rib of the leaves, high infestations can cause heavy defoliation (MENDEL et al., 2004; KARUNARATNE et al., 2010) .
Several studies have shown how both gall wasps currently appear to be successfully controlled by various biological control agents, especially hymenopteran parasitoids. Among them, three species were in fact released in Israel for the biological control of O. maskelli: Closterocerus chamaeleon (Girault) (Eulophidae), Stethynium ophelimi Huber and S. breviovipositor Huber (Mymaridae) and the first one was also released in Italy (LAUDONIA et al., 2006; RIZZO et al., 2006 RIZZO et al., , 2015 (PROTASOV et al., 2008) but no information is available till now about their presence in Sicily.
DISCUSSION
In general, no substantial damage has been inflicted so far to eucalyptus trees by the insect pests recorded in Sicily. Certainly, some of them require constant supervision and monitoring in order to avoid they become exceedingly injurious. In particular, over their whole distribution area, all five psyllids recovered in Italy till now are oligophagous on various plant species of the genus Eucalyptus. Unlike what has been reported in other areas of the world, in most cases attacks by G. brimblecombei in Sicily have not produced serious problems to infested plants, apart from the aesthetic damage and some dieback; especially, no obvious signs of decay have been noted. By sure, the relatively low impact of this alien psyllid on Sicilian Eucalyptus plantations is largely linked to the spontaneous introduction and naturalization of its parasitoid, P. bliteus, found in almost all Sicilian sites where the psyllid has been detected at only a very short (or none) time distance from the first records of the pest (CALECA et al., 2011a; MARGIOTTA et al., 2017) . In this context, the importance shown by this parasitoid during the last years in reducing infestations by the psyllid in Sicily has stimulated a study on the effects of some ecological parameters (especially altitude and climate) on the distribution and density of the encyrtid wasp and on its parasitic efficacy (CALECA et al., 2018) .
As regards to the presence of the bronze bug in Sicily, it seems to be premature to claim about its harmfulness for the host plant. Up to now, no severe infestations were recorded in the main surveyed areas of the island and the fortuitous introduction and successful establishment in Sicily of its main biocontrol agent, the ooparasitoid Cleruchoides noackae Lin & Huber (Hymenoptera: Mymaridae), would be highly desirable. Interestingly, although deeper investigations are still in progress, by comparing data obtained from both the monitoring methods adopted, it is assumable that sticky traps have the potential to satisfactorily estimate the bug populations and thus they can be effectively employed as a time-efficient method for sampling T. peregrinus infestations.
About the wood-boring beetle species, although both P. recurva and P. semipunctata have been included by WANG (1995) among the Phoracantha species living on dead or declining trees, P. recurva has been found abundant also on living plants in Spain (BERCEDO PARAMO & BAHILLO DE LA PUEBLA, 1999) , showing how this species could have a huge impact on its host plant health. It is important to highlight as in some Mediterranean countries (Italy and Portugal) the oophagous encyrtid parasitoid A. longoi was detected in association with P. recurva and its presence seems to play an important role in maintaining beetle populations stable (LONGO et al., 1993) .
Finally, in relation to the two Eucalyptus gall wasps, recent studies carried out after the release of the parasitoid C. chamaeleon in Sicily showed its high efficacy in reducing O. maskelli populations. Its establishment, spreading speed and the observed discontinuous pattern of dispersal showed the occurrence of both long and short distance dispersal mechanisms (CALECA et al., 2011b) .
